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Quantitative-structure-activity-relationship (QSAR) models for the
removal of nitrogenous organic contaminants in
supercritical water oxidation (SCWO)

CHEN Yuewei' * SHEN Zhemin**

(1. Shanghai Laogang Waste Disposal Co.Ltd., Shanghai 201302, China; 2. School of Environmental Science and Engineering,
Shanghai Jiao Tong University, Shanghai, 200240, China; 3. Shanghai Institute of Pollution Control and
Ecological Security, Shanghai, 200240, China)

Abstract  Supercritical water oxidation (SCWO) is an effective method for wastewater treatment.
To gain a better understanding of the total nitrogen removal rate (TN%) for nitrogenous organic
contaminants in SCWO, a Quantitative-Structure-Activity-Relationship (QSAR) model was applied
to establish the relationship between TN% and quantum chemical descriptors of 41 nitrogenous
organics. The optimal QSAR model was TN%=84.20-374.34f(-),—99.74E,;+1.80+180.498f(+),,.
Validation tests demonstrated that the developed QSAR model was stable and had good predictive
ability. Based on the quantum chemical descriptors in the model, nucleophilic and electrophilic
attacks, dipole moment and the difference between lowest unoccupied and highest occupied
molecular orbital energies are the intrinsic factors influencing the TN removal of nitrogenous
organics during SCWO process. The proposed QSAR model provides a preliminary evaluation for

studying the TN removal rate and rules of nitrogenous organic contaminants in SCWO process.
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1 MBI (Materials and methods)
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Fig.1 Schematic diagram of self-assembling Ssupercritical Water Oxidation (SCWO) Apparatus
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2 R 53068 (Results and discussion)
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Table 2 Instruction of Quantum-Chemical Descriptors

455 Abbreviations % Y Meaning FA7 Unit
U EERIREE LY/ b) e i ol - Kb /NNl N of 2 54 2 Debye
q(H)* EERIREE S b ne =) A ik S NG 1) e
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Erumo RPN TE RS el i fIoR LA e a.u.
Enomo FTZR U PR i o LA AR au
Egap FARA (5 PR IE R S B AR LB B A 22 au.
FH)xjn B Yo F R BGE R RO R/ ME e
Fxim OG0 03 2R B FR B R /IMAE e
FO)sn AR5 IR 25 A i Bt e Sk IME e
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Fig.2 TN removal rate of 41 nitrogenous organic contaminants: a —-NH,; b -NO,; ¢ —-N=N-; d Heterocyclic; e Mixed
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2.2 QSAR ALY

QSAR AU i 1 37 SR FH 22 TCZR M 111 U132 v A9 200 [T R AT AR 950, 0 41 DA PL B TN KR
FAR B ZR AR S IR AR LU 4: 1 BYZOR 73 N ZRAe PN, W) it PR aE Bir i iy i AR 242
AT R SRR 2 b, BARIENNK AR S W& 5 DAFRIZE. ANEFE b, R 1 P prid L&
WAL S W), RS LAV ZREE T TN PR AS &, 19 M LA 280 A 728 7 FT QSAR HHEE, H
SER LR 3. BRI IE R F TSR R AT RAU(R?) | BRifEZE (SD) | #J7 AR 22 (RMSE) | 1 & PEAG 50
(Sig.) . Fisher %0 (F £ 55%) . F8 —3L PRI IE () . AMAPIRIE(Q2,) . t K5 | A8 i L2 A 35 (VIF) LA
Lo Y BEALAG . 24 H A S AR R f) 4G 56 48 B0 A2 LA T A, D7 al A R L 2 A RS R T A R 1Y)
A 1, BN (D RZKTF 0.6; (2) BF KK /NT 0.01; (3)2MQ2 Y¥IKTF 0.5; (4)F {H KT F Rxiny
I FE; (5) RS [ R B VIF (R T 1 HANVT 5.

R34 A AAILIGYY) TN%QSAR LRI — Y&
Table 3 Regression Models for Calculating TN% 41 Nitrogenous Organic Compounds

No. Model R2 SD A F sig. RMSE @2,
1 TN%=79.226-259.854 f{-), 0.372 8.654 0.247 15.843 0.000 73.737 0.326
2 TN%=93.470-240.967f(-),—~77.632E g 0.510 7.655 0.407 15.074 0.000 57.151 0.270
3 TN%=88.514-224.469/(-),~81.264E,,+0.89 11 0.595 6.954 0.472 13.693 0.000 48.934 0.443
4 TN%=87.261-317.511/{-),~92.963 Eg,+1.2234+151.457f(+),, 0.701 5.940 0.575 15.819 0.000 37.443 0.519

AR A [ R IO [R) A8 i R ST P, B BRE A B RAFRY ST a8, Rl R,
SRR e 0 1 19 722 S A o DR A i, 8 TS0, ST T AL 4 A AR R Beflt QSAR AL, [RI oy
TR, e 3 FIH T N 1A HAR R B 4 4> [ A8 i QSAR BB R H Gt 2: 280 I3k 3 iR, 4 41
QSAR LAY Y ] e Z K R2BE A5 670 v 19 722 A B0 B 0 i i, FE L 4 HUA IR B RAEL(0.701).
BERY 5 22 SD LA K RMSE Fifi 45 15 7 vy (1 7258 o 50 bk ) 189 0 103 /), 158 W ASE R 5 Ay 1 728 o 2
2, AN TN (1 TIO0 f. ASERY 11 F A 36 (B 45 K T LA 38 1 I A 2,53, T b 35 PR ARG 30 4%
RINTF 0.01, UEHIRAL 4 1 AR B2 i) 28 Sk 8 . SR R IR TEARE, 4 MRRL P U AR 4 30 2
Fi A SRR bR, R, LD 4 ik by o2 3% 0A LTS 0 7E SCWO BV BRF Y B Il QSAR #LA!. 464
4 %k 41 Fh S EA DL TN {5 T (85 52 56 (B A0 X LE I WL I 3(a), PR BT, PR 0 s AR 3R 32 F
GAEAEY, L0 RR 9 R AL &), MREOSRFIR AL 1« 1, PR S 01 W1 A 2k,
BRI TN FOME BT S g0 . PP BR T HELL, 96 3R B0 GG 5-F-2-H BRI A R B i A4
Bb, HoAb A m X BRI Ml 43 A5 75 1] VA 26 S FEL, 2 IR AL X oAl 37 25 60 HIL T S 0 110 T 00 65 o
Bt A UM 1, MERE , BKPR T RIRSS B AGTRUIN(E 5 SR 22 2243 51 °A 11.303%. 10.720%. —11.927%
1 18.305%. LAk, AP h il Lt I B2 10 e 5 R A% 52 & 14 43 A A0 B R 2 v, U I Y
BEPRIE A FRAY. 18] 3(b) WAL 4 255t 20 WABIRAY Y BEHLESUE AT, [l 21 0 s AR Fe A 3 Br gt 57 9 e £
QSAR HLHL ) RN A, I S ARFR LR 0T 20 YK Y BEALAS 98 14 R 8L, DA AT A& BT A 8 A% 28 v
RO @A 38 8 1% TS5 PASE AR (1) JL U ROR M. DR, T LA AR 5 T 57 (9 B I QSAR AR IR AR (4% it
FRIFJRIL T RS AR e

A NBR 4 th X SENGE TR SR, FTLUE TR AR RSEUN A EAR K TR SR
eI FLAE 2.037, B MERR IO /N T 0.05 H VIF BB (3 K F 1 IFim/h T 5, RIABR b4 g A8 i
HA RENGOTE R HA AE R Z L2 dm AL i ] ae.

Bt QSAR B rh 25 5t T4k 2 S RUHAT B AL 24 18 30, Horb, ) s b s B — A b, HAR
T R R A S v e R L R, SR T B o5 HREILE Y LT STR AR ), HAEBOR, FoR
X3y R 5 LT A~ SO AR BT 85 B9 (), AR T ARS8 M SO P BILTS e 5 F N A5 I
TR ER/ME, B5 TN% 2GR, A, f+) 3R T A O e b i 8 el s fr i 4%,
AT R AR AR o5 Ha I T8 11252 v 1B 0P, BB/, DEITIZ DX 3 2 49 81 el i A A2 N, H
VERIHLEE S f1-) MR, T2 f(+) 5 TN% S 0E HUBISE R, By, fH /2 QSAR WF5T & HI 811 it 1k 5
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T ), BRI FCOOR, WA LTS Y 4 T A PR ELBOR 55 55 S0 H R e A S R (B o 4 53
THBPERE R, LRI, RIS THAERR, J05 TN 5 1E H01C R A BTIA, o 2 HLIS e
SCWO 1 EBRFRZ LA | 4 4~ T2 25,

100~ -
@ n | Zi i Training set 07k (b)
95 A IR A Test set i ]
| )
06F

90 SEO-FERE . 8 . m HEEI4 Model 4
85  (5-Chloro-2-methylaniline)m - " 05} o 20H A RI20 new models
2 \ ™ ]
= A a = 041
=
5 5[ L - 4 = o3t
E soa A '
g 70 . . e 02l .
& 65F Yy A Nitrobenzene

n = " o1L ® e
ook w{ WRLGG “ . .
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551 [ ] Isatin 0L Mote o
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Fig.3 Plot of Predicted TN% Versus Observed TN% For The Optimal Model (a) And Plots of
Y- Randomization Test For 20 Repetitions (b)
x4 BRE4 MG R
Table 4 Statistical Checking Values for Model 4

Variables Regression coefficients t Sig. VIF
Constant 84.200 +4.212 19.241 0.000
Jn —374.340 £ 54.660 —6.302 0.000 1.358
Eqgap —99.740 + 20.307 —4.654 0.000 1.050
u 1.794 + 0.380 4315 0.000 1.150
Model 4

St 180.498 +48.016 3.372 0.002 1.521

Criterion |f>2.037 <0.05 1~5

2.3 AR IR P4

A5 2K K [ BB 25 (Euclid Distance) >E € el QSAR #5EHY 114 1z FH Ik (APD) . K [ I #2538 8 A
16 m Y23 6] 25 W A4S A5 22 6] i B S2 B B W I 7E QSAR S SCI 7 [ U2 3 4 R B i AR AR 15 LRl 1Y
I GRAEREA 2 [A] A FE 85 % /N T APD. APD 322000 (2) 24,

APD =<d > +Zo 2)

<d >MitHEAL BRI

(1) THA ISR B A TP AT 2 DA B8 =22 1] A G 8 ) S 359 5

(2) GedT IR /INT- (1) H P28 4 R OTL A5 B35 A0 85U, 20 1 A B 42 5

(3) (2) P I AR 42 0 MBI < d >, o R B 8 b AR v IR 25 18, 240 (3):

(3

Forb, n R R A rRREAS AN B, xR SRR A O, O BT B SR REAS B 19, Z — e 0.5.

5 N BERY 4 R R I B e K Ak S W R R S i U R AR AR S W IR A B 4
5 FR, ARG BT e 37 A9 Fef QSAR BT ) APD HH B 11.244. R4 9 N HLIS Y4y T
B 5 AR I R =2 1) A I B A 18 /N T 11,244, BB I QS AR A1 Xof I3 £ 1k 5 40 i TN
JE R RE A TR TR B9 A, 25 B S I 2 P i i AL S ) 22 8] R RO B AR BN T
11.244 i5F, J7 AL R FH MO ASE Y 04T P00
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&5 AL 4 APD iR b Ak G W B H i U R0 1 BE S
Table 5 The APD and distances of test compounds to neighbors in the training set for model 4

MR EEAL A H Test compounds =R B Euclid Distance

The euclid distance of model 4 11.244
5-Cl-2-MA 7.181

NB 10.925

2,6-DNT 3.174

3-NBA 0.818

Arsenazo | 2.277

Indole 5.805

Cyanuric acid 5.458

Azure B 2.530

AYGG 5.121

3

2£6 (Conclusion)

(1) ABESER 22 TUEAE [R50 35 ZA HLIS R 70 716 SCWO H TN L RS M 7 H 54 1L

SR T TR SR M AR R . L E I QSAR BEHY D TN%=84.20-374.34/(-),—~99.TAE g, +
1.80u+180.498f(+),,, BLEI 4814 B (R2) . PR IIE () ATAN R I8 IE (@2, ) 45 5 43 ) 4 0.758., 0.658 Fll
0.581, KWK BAT RLAF AT AE /). FAABGT T2 S0 b4 SRR WIBOR B A B I GE i 8 SCRIARE 1.

(2) U B BT G )y Egupe 0 B f) DR S5 A HLIG Y40 50 F 4 SCWO o TN iR

SCHEN R, DU T SRR T A BTG G o 5 ik S AL O S e 4% R 231 8 1 A9 5% 5 . il id
il FZ B AL, W] Ry & A HLTS e /e SCWO o TN 3 BR A AR FoE 4R (L0 1 PP A AR 4 5.
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